Abstract-Nowadays plants or plant extracts have become very important for alternative medicine. Plants and their extracts have many therapeutical advantages but some of them are potentially toxic, mutagenic, car cinogenic and teratogenic. Root, stem and leaf parts of Limonium effusum were used in this study and this spe cies is an endemic species for Turkey. Mutagenic and cytotoxic effects of root, stem and leaf aqueous extracts were observed with Allium, Ames and MTT tests. Allium root growth inhibition test and mitotic index studies showed that aqueous extracts have dose dependent toxic effects. Chromosome aberration studies indicated that especially sticky chromosome, anaphase telophase disorder and laggard chromosome anomalies were highly observed. Ames test performed with Limonium effusum root aqueous extracts, showed weak mutagenic effects in Salmonella typhimurium TA98 strain with S9. MTT test based on mitochondrial activity indicated that most of the aqueous extracts have cytotoxic effects. This study aimed to determine the possible mutagenic and cytotoxic effects of L. effusum aqueous extracts by using bacterial, plant and mammalian cells. This research showed that some low concentrations of the L. effusum extracts have inhibited cytotoxic effects but high concentrations have induced cytotoxicity. On the other hand only a weak mutagenic activity was identified by Ames test with TA98 S9(+).
1

INTRODUCTION
In these days products of plants and their extracts usage have been increasing but this is creating some problems. These products may have positive effects but their unconscious usage is increasing quickly. So toxic and mutagenic effects of these products become unavoidable.
Phytotherapy have been used all over the world, especially some countries applicate systematical and complicated phytotherapy methods. Nowadays usage of phytotherapic methods is increasing in developed countries [1] .
In traditional medicine, simultaneously applica tions of drugs that have different active contents have not prefered bacause of their interactions and adverse effects. But in phytotherapy, use of entire plant instead of purified active substances have provided synergistic effects or reducing in toxicity [2] . 1 The article is published in the original.
Turkey is very rich in endemic flora. Efficiency of these plants must be investigated about folk usage and safety. There are some reports about some Limonium species that have toxic effects. Some researchers found that Limonium nashii tanin extracts were caused to tumor formation [3] . In this study, it was aimed whether Limonium effusum (endemic for Turkey) spe cies has cytotoxic and mutagenic effects.
Limonium genus belongs to Plumbaginaceae family which is represented with 6 genus and 68 species in Turkey and 24 genus and 800 species in the world [4] . Limonium species are halophyte plants resistant to drought and salinity [5] . Limonium species are called in Turkey population as "kunduz otu, e ekkula i or deve kula i".
The protein content of Limonium sinense is up to 14.81 g/100 g, total sugar 15.4 g/100 g, ash 13 .01 g/100 g, while the fat content is low. In addition, it also con tains a certain amount of vitamins, tannins, alkaloids, organic acids and flavonoids, and other substances. Limonium plant is rich in a variety of amino acids. The content of essential amino acids such as valine, threo nine and phenylalanine is high [6] . Inorganic element analysis of Limonium plants with atomic absorption spectrophotometry showed that they were rich in inorganic elements, especially in trace elements. It was found that Limonium constant elements, K, Na, Ca, Mg presented highly and Ni, Zn, Cr, Co trace elements presented richly in Limo nium plants [6] .
Limonium species were rich in vitamins C, B 1 , B 2 , B 12 and carotenoids. In addition, Limonium sinense also contains a certain amount of vitamin D, and vita min E [6] .
It was found by using FTIR analysis that Limonium effusum contains myrcetin, menthol, thymol, carvac rol, and catechol in leaf methanol extracts and in root distilled water extracts. But in root methanol extracts, L. effusum contains rutin, syringic asit, ellagic, myre cetin, quercetin, flavanol [7] .
Plant chemical compounds are the basic elements for drug industry. If plant compounds and their effects will discover anymore, the availability of producible drugs for human or animal health will be determined. For this purpose mutagenic and cytotoxic effects of aqueous extracts of L. effusum were investigated by using Ames, Allium and MTT tests.
MATERIALS AND METHODS
Plant extraction. Limonium effusum (Boiss.) Kuntze was collected from Lake Aci (Afyonkarahisar, Turkey). Roots, stems and leaves of Limonium effusum were dried at room temperature (25°C) and then pow dered. Distilled water was used as a solvent. Extraction was performed according to Sofowora [8] . Extracts were used directly and freshly in test systems.
Allium test. Onions (Allium cepa, 2n = 16) were used in Allium test system. Allium test was achieved according to Fiskesjö [9] with a minor modification.
Determination of EC50 (efficient concentration).
Five bulbs for all concentrations were rooted in dis tilled water for 24 h. Then they were put into root, stem and leaf extracts of different concentrations and distilled water as a negative control for 96 h. At the end of this time, root lengths were calculated and the root length of negative control group was compared with different concentrations of plant extracts.
Chromosome aberration test. Cell cycle of Allium cepa root meristematic cells was occurred in 24 h [10] . For this reason the chromosome aberration test was performed for 24, 48 and 72 h in all extracts. EC 50 , EC 50 /2 and 2 × EC 50 concentrations of extracts were used for 24, 48 and 72 h treatment periods. Roots were fixed in Carnoy's fixative (3 : 1; methanol : glacial ace tic acid) for 24 h at 4°C. The roots were stored in 70% alcohol. For the analysis the roots were taken from alcohol and were hydrolyzed in 1N HCl for 7 min. Then the roots were washed in the distilled water for 15 min and stained in Feulgen dye for 1 h at room tem perature.
Microscopic study. Microscopic analyses included study of mitotic index, anaphase telophase chromo some aberrations and other aberrations. For mitotic index (MI) study about 5000 cells were counted and MI% was determined with the following formulation MI% = divided cell number/total cell number × 100.
Other aberrations were determined along with MI study. For anaphase telophase aberration study, about 500 cells were counted and laggard chromosomes, anaphase bridges, stickness, disordered anaphase telophase aberrations were observed. Obtained data were evaluated with Oneway ANOVA, Duncan multi ple comparison test at p < 0.05 level.
Ames mutagenicity test. S. typhimurium tester strains TA98 and TA100 were obtained from Hac ettepe University, Turkey. While TA98 was used to determine the frame shift, TA100 was used to deter mine the base pair exchange.
S9 from rat liver (Sprague-Dawley), bacto agar, nutrient broth No. 2 (Oxoid), 2 aminoanthracene (2AA), β nicotinamide adenine dinucleotide phos phate (β NADP), glucose 6 phosphate (G6P), mito mycin C (MMC), ampicillin, tetracycline, histidine and basic fuchsin were obtained from Sigma-Aldrich. Sodium azide (SA), citric acid monohydrate, NaOH, KCl and NaCl were purchased from Riedel. 4 Nitro o phenylenediamine (NPD), 2 aminoan thracene (2AA) and 2 aminofluorene (2AF) were purchased from Fluka. Test substances: 0.1; 1; 10; 100; 1000; 10000 μg/plate of Limonium effusum root, stemand leaf extracts were prepared. These concentrations were used freshly in Ames test.
Cytotoxic doses of the plants extracts (10000, 1000, 100, 10, 1, and 0.1 μg/plate) were determined by the method of Dean et al. [11] . Ames test was per formed as a standard plate incorporation assay with S. typhimurium strains TA98 and TA100 with or with out metabolic activation [12] . Selection of the strains was based on the testing and strain selection strategies of Mortelmans and Zeiger [13] . These strains were tested on the basis of associated genetic markers. For each tester strain, a specific positive control was always used to test the experimental flaws, if any. While 4 nitro o phenylenediamine (NPD) was used for TA98 and sodium azide (SA) was used for TA100 as positive controls without metabolic activation. On the other hand, 2 aminofluorene (2AF) and 2 aminoan thracene (2AA) were used as positive controls with met abolic activation, for TA98 and TA100 strains, respec tively. 500 μL of S9 mix (500 μL phosphate buffer added in without metabolic activation), 100 μL of the plant extracts for each concentration and 100 μL of a cell sus pension from an overnight culture (1-2 × 10 9 cells/mL) were added to 2 mL top agar (kept at 45°C) and vor texed for 3 s. The entire mixture was overlaid on the minimal agar plate. The plates were incubated at 37°C for 72 h and then the revertant bacterial colonies on each plate were counted. Positive controls and nega tive control (distilled water) were concurrently main tained. Samples were tested on triplicate plates in three independent parallel experiments.
MTT assay was performed with MDBK cells (Madin Darby Bovine Kidney) (Sigma) according to Mosmann [14] and the test was repeated three times.
MDBK (Madin Darby Bovine Kidney) (Sigma) cells that was used in this study, were incubated in 10% fetal bovine serum and 90% EMEM (Eagle's Minimum Essential Medium, Sigma) which included Earle's BSS Balanced Salt Solution), 2 mM L glutamin, 0.1 mM non essential amino acids and 1.5 g/L sodium bicar bonate. Cells that were incubated at 37°C in 5% CO 2 incubator, removed from the bottom of the flasks by trypsin EDTA (Sigma) when they covered whole or 90% of flask surface. Cells, stained by trypan blue (Sigma), were counted three times with thoma slide and sufficient amount of cells was added (with medium solution, total 100 μl) to 96 well cell culture plates for MTT test. Cells were incubated at 37°C for 24 h in order to adhere to the bottom of the plates. At the end of this incubation time, the medium was removed from the wells. In order to determine the cytotoxic effects, different concentrations of plant extracts with freshly prepared medium were added to the wells and plates were incubated about 24, 48, 72, 96 h at 37°C in CO 2 incubator. Distilled water was used as a negative control group, and 50, 25, 12.5, 6.25, and 3.125 μg/mL concentrations of extracts were used for MTT test [14] .
MTT analysis: test extracts were removed at the end of the incubation periods. Then cells were incubated with 5 mg/mL MTT solution (Sigma) about 2 h in CO 2 incubator for transformation of MTT dye to for mazan salt (not dissolve in water). At the end of this application, MTT dyes were removed and 100 μL DMSO was added to the wells for solve the formazan salts that were only formed by alive cells. Plates were analyzed by ELISA reader at 540 nm wavelength. Cell proliferation of control group was accepted "0" [14] .
RESULTS
Allium root growth inhibition test.
This study deter mined the EC 50 value that was about 50% of control group root length (3.85 cm). EC 50 values of root, stem and leaf extracts were found as 20, 65 and 50 g/L, respectively. Root length change of control group (%) was accepted 100% and the other concentrations were compared with this group. The maximum inhibition (30.65%) of root growth was found in 50 g/L concentra tion of L. effusum root extracts. On the other hand the unique increase (103.12%) on root growth was deter mined in 12.5 g/L concentration of L. effusum stem extracts. So these results have showed that L. effusum extracts in most of the concentrations have cytotoxic effects on root growth. Obtained data are given in Table 1 , and they were statistically evaluated by One way Anova Duncan multicomparison test, and the groups were defined in different small letters.
Mitotic index study was performed in order to observe the cytotoxicity of plants extracts. For this study we counted about 5000 cells for each concentra tion and all extracts were compared with control group. According to the results, 20 and 40 g/L concen trations of L. effusum root aqueous extracts inhibited the root growth in 24 h treatment but in other treat ment times these concentrations increased the root growth. So it was found that there was not any similar ity in treatment periods.
32.5 g/L concentration of L. effusum stem aqueous extract increased the growth in all treatment times. Table 2 . Determination of chromosome aberrations. This study was performed in two steps. At the first step, 500 anaphase telophase cells were observed, and aber rations (sticky chromosomes, anaphase bridges, lag gard chromosomes and disordered anaphase telo phase) were determined. At the second step, 5000 cells were observed for each concentration, and C mitosis, polyploidy and binuclear cell abnormalities were detected. As a result there was noproportional increas ing or decreasing in anaphase telophase aberrations. Sticky chromosomes and laggard chromosomes were determined more than the other anaphase telophase aberrations. It was not found any proportional or sig nificant increasing or decreasing in the determination of other aberrations (C mitosis, polyploidy and binu clear cell). Aberration data and statistical analysis obtained from Limonium effusum aqueous extracts are given in Table 2 .
Ames test results was carried out for mutagenicity determination of the tested extracts. For this test histi dine mutant strains of Salmonella typhymurium, TA98 and TA100 were used, and control group colony num bers were compared with the extracts. The extracts which caused two fold increase in the colony number of control group were accepted as mutagenic ones. In case of dose dependent increase in colony numbers, the extracts were accepted as weak mutagenic solu tions [13] .
As a result of cytotoxicity tests, it was found that only Limonium effusum 10000 μg/plate root aqueous extract were cytotoxic against Salmonella typhymurium strains among six tested concentrations (10000, 1000, 100, 10, 1 and 0.1 μg/plate). So this toxic concentra tion was not used in Ames test.
In Ames test, Limonium effusum root, stem and leaf aqueous extracts were used. 4 Nitro o phenylenedi amine (NPD), 2 aminofluorene (2AF), sodium azide (SA) and 2 aminoantracene (2AA) were used as a pos itive control for TA98 S9(-), TA98 S9(+), TA100 S9(-) and TA100 S9(+) respectively, while distilled water was used as a negative control group. In this test, extracts or concentrations were not found as mutagenic. AMES test was repeated three times both with and without S9 metabolic activation, and the data is given in Table 3 .
MTT test that is based on mitochondrial activity, was performed with Limonium effusum extracts by MDBK cell lines for 4 days. In this study, 50, 25, 12.5, 6.25, and 3.125 μg/mL concentrations of Limonium effusum root, stem and leaf aqueous extracts were used while distilled water was used as a negative control group. The tests were repeated three times in 96 well plates for 24, 48, 72 and 96 h. The extracts were applied on MDBK cell lines and results were obtained from the absorbance of alive cells that were calculated by ELISA reader for each treatment time. Percentages of proliferations (Proliferation %) were calculated with the following formulation Proliferation rates % = (B-A) × 100/A [15] .
A, indicates the absorbance value of control group while B, indicates the absorbance value of plant extracts.
50 μg/mL concentration of L. effusum stem and leaf aqueous extracts decreased proliferation (about 96.23%) more than the other extracts. L. effusum 6.25 and 3.125 μg/mL concentrations of leaf aqueous extracts increased cell viability for 72 h. The most increase in pro liferation (about 100%) was observed in 6.25 μg/mL concentration of leaf extract. All results of MTT tests are given in Figs. 1-3 . DISCUSSION "Plants make drugs" perception have caused to take no account of toxic effects of plants. On the other hand, some natural plant solutions may cause acute toxicity in long term toxic effects. These toxic effects may generate diarrhea, sensitivity to allergens, nausea, vomiting, organ targeted toxicity, immunotoxicity, embryo and prenatal toxicity, mutagenicity, hepato toxicity and nephrotoxicity in the present of epilepsy forming compounds, cardiac toxins and carcinogenic toxins [16] . It was noticed that some of Limonium spe cies were poisonous and toxic, too. For example Limo nium tataricum and Limonium brasiliensis are in the international poisonous plants list [17] . Because of these facts, investigation of the negative effects of plant extracts has become very important. In this study, mutagenic and cytotoxic effects of Limonium effusum (endemic for Turkey) were tried to be determined. The study was carried out with three test systems; bacterial test (Ames test), plant test (Allium test) and mammalian cell test (MTT test). Mutagenicity and cytotoxicity studies were previously achieved by these methods [18] [19] [20] [21] [22] [23] .
Limonium effusum is of Plumbaginaceae family and has specific chemical contents. Some of them are epi gallocatechin, gallocatechin, menthol, thymol, car vacrol, cafeic acide, flavanols, quinons, rutin, ruti nosit, myrcetin, citric acide, ellagic, quercetin, tan nins and coumarins [7] . It was reported in different studies that naphtoquinons specific to Plumbagi naceae family were very important components. Cyto toxic effects of naphtoquinons based on reactive oxy gen species (ROS) formation, mitochondria disorders and inhibition of timine binding to DNA [24, 25] .
Toxicity and mutagenicity may be observed by Allium test. Toxicity was determined easily by root growth inhibition while mutagenicity correlated with chromosome breaks [9] . If water was used as a control group in the Allium test, the toxic ions (such as Cu and Ca) must be removed from water [9] , so distilled water was used as a control group in our study. In this test, the concentration that reduced the mitotic index of control group by half was accepted as cytotoxic limit value [26] . EC 50 values of Limonium effusum and root, stem and leaf aqueous extracts were found to be 20, 65, and 50 g/L, respectively. In general, there was a corre lation between root growth and extract concentration. The most root growth inhibition (30.65% change) was determined in 50 g/L concentration of Limonium effusum root extract when compared to the control group.
Root growth inhibition always correlated with the decreasing in the number of dividing cells [20] . Root growth inhibition could occur due to the heavy metals of extracts. It was determined that some plants included metals like manganese (Mn), cadmium (Cd) and lead (Pb) [27, 28] and these metals effected the root growth inhibition of Allium cepa [18, 29, 30] . It was determined that Limonium species included cop per (Cu), zinc (Zn), manganese (Mn), chromium (Cr) and iron (Fe) [31] . Toxic effects results obtained from this study may be based on these elements.
As a result of the mitotic index studies by Allium test, dose dependent increasing or decreasing were not found contrarily to root growth inhibition test. The lowest mitotic index value (19.74%) was found in 130 g/L concentration of L. effusum stem extract. As a result of chromosome aberrations test, sticky chromo somes, anaphase bridges, laggard chromosomes and anaphase telophase disruptions were highly deter mined in high concentrations. The other abnormali ties (C mitosis, polyploidy and bi nuclear cell) were found rarely.
Stickiness occurred by formation of subchromatide linkages that was the result of nested inter chromo somal chromatin fibers [32] . Some studies reported that sticky chromosomes were the most encountered aberrations [33] . Sticky chromosomes indicate high toxicity, and this is irreversible. This aberration may cause cell deaths [34] . Laggard chromosomes were expressed with aneuploidy. C mitosis occurred as a result of inactivation of spindle fibers and had weak, reversible mutagenic effects [18] .
Plant alkaloids caused to spindle fiber disruptions [35] , and Limonium genus includes alkaloids, too [6] . Also, naphtoquinons (plumbagin) that is the specific alkaloid to Plumbaginaceae family, are presented highly in Limonium species and have cytotoxic effects. Plumbagin acts as a mitotic inhibitor on onion roots. This inhibition effects were expressed with mitotic abnormalities like polyploidy, micronucleus, anaphase bridges, stickiness and laggard chromosomes [36] . This study showed that anaphase bridges, sticky chromo somes and laggard chromosomes were highly found and these anomalies could be derived from this com ponent.
Ames test is commonly used with plant extracts for possible gene mutation determination. Positive results in any bacterial strains with and without metabolic activation are sufficient to identified a substance as a mutagen [37] .
Ames test was done with the aqueous extracts of Limonium effusum roots, stems, and leaves, and gener ally mutagenicity was not found. In Ames test with TA98 S9 (+), Limonium effusum root extracts showed some weak mutagenic effect. Ames tests with plumba gin (naphtoquinon) have not shown any mutagenicity with TA98 and TA100 strains without metabolic acti vation. On the other hand the tests with metabolic activation have indicated inconsistent results [38, 39, 40, 41] . Mutagenicity tests with Escherichia coli WP2/pKM101 and WP2uvrA/pKM101 strains did not show mutagenic activity, but tests with AQ634 strain with S9 enzyme system showed mutagenic effects [42, 43] . Hydroxyl derivates of naphtoquinons showed mutagenic activity in S. typhimurium TA2637 and TA98 strains but it was found that they were not mutagenic in S. typhimurium TA100 strains [38] .
MTT test with MDBK cell lines was used to deter mine the cytotoxicity of L. effusum aqueous extracts. It was noticed that MTT (tetrazolium blue) colorimetric analysis could be used with plant extracts for determi nation of reductions in cell culture viability studies [44] . It was evaluated that cell proliferation could be determined by MTT [14] .
Ali et al. [45] reported that 615.1 μg/ml concentra tion of Limonium sokotranum leaf aqueous extract was found moderately toxic by cytotoxicity test with human amniotic epithelial cell line (FL cells). These investigators also emphasized that cytotoxic effects of Limonium genus could be the reason of traditionally usage as antifungals. In this study, we used maximum 50 μg/mL concentration of Limonium effusum extracts and generally high concentrations have cytotoxic effects but low doses increased the cell proliferation.
Santhakumari et al. [46] investigated the effects of plumbagin on chicken embryo fibroblast cultures. It was found that the dominant effects of plumbagin reduced cell growth, cell proliferation and mitotic index. These researchers reported that, plumbagin acted as a poison of spindle fibers in low concentra tions but in high concentrations it had nucleotoxic or cytotoxic effects. Also plumbagins can induce reactive oxygen species, apoptosis and inhibition of cell cycle. In this research, many of the extracts were found cyto toxic, especially for 96 hour treatments. But low con centrations have positive activities on cells up to 72 hour treatment. Findings about nucleotoxic and cytotoxic effects of plumbagin were compatible with our Allium test chromosome aberration, mitotic index determination and cell viability study.
Limonium tetragonum (Thunb.) plant total ethanol extracts increased the cell viability about 114.92% by cell viability test that performed murine makrophage RAW 264.7 cells [47] . In this research, 6.25 μg/mL concentration of L. effusum leaf extracts increased the cell proliferation about 100%.
As a result, mutagenicity and cytotoxicity of endemic Limonium effusum root, stem and leaf aque ous extracts were investigated by Ames, Allium and MTT tests. In Allium root growth inhibition test, there was an inverse ratio between concentrations and cyto toxicity. Root, stem and leaf extracts of Limonium effusum EC 50 concentrations were 20, 65 and 50 g/L, respectively. It was observed that many of the extracts and concentrations reduced the mitotic index in dif ferent treatment periods. Extracts mostly caused sticky chromosomes, polar disorders, laggard chromo somes and anaphase bridges that were based on spindle fiber disruptions. Similar to the mitotic index data, MTT test indicated that many of the extracts were cytotoxic to MDBK cell line. According to Ames test, it was found that root extracts of Limonium effusum had a weak mutagenic effect in TA98 strain with S9. The other extracts were not found as mutagenic ones in Ames test. 21 
